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Zr x Ali- x Oy(0<x<l, 0<y<l)# 5E^r A}-g-*V ^lVl 

^ Ol^^l ^>7] ^ ^2|f S^-SRr 7>7l ^7H1 $a<>H, ^7l 

^-8: til^^ Zr x Ali_ x O y (0<x<l, 0<y<l)l- i^Rr i^} ^51 ^ ^H^, ^>7l 

^ l=f# i:7Hl ^ ^2:4 *fl*#l}. °1 

£ 2 
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Z r A 1 Of sHf -tf^lf^S A>-g-*l t}^ ^l\d ^*KMulti layer structure 

of Device using ZrAlO as under layer or capping layer} 

IE la ^ £ lb^r ^2fl^ ^>7l t^J- ^}o} 7 fl^^^S M-e}\£ ^SSolul. 

5- 2-cr ^ofl 7>7l ^>o] ^Al<^]^. 7 fl^ o. S u]-e}\£ ^£o]cf. 

£ 3a D ^ £ 3b^r t^^) ^tr ^1-71 7-1 %V i^V# GMR ^S^l ^-g-*V ^aHs] 

£ 4a D ^ £ 4b^r -g- ^ofl 2] *1 *>7l 7^%!- i^ft TMR ^S°ll ^Hs} 

M-e}^ si^°14. 

5a^ ^2fl 71 # ofl £]tr Ta-fr ^l#o.s. ^a]^ *} 7 1 ^7f^ ol^ol^, £ 5b 

^°ll ^tr GMR Top ^ ^ojH 7^ #ofl Zr x Ali_ x 0 y (0<x<l, 0<y<l)» 

l^^l^l M^NS AFM (Atomic Force Microscopy) o^^olcf. 

5L 6a^r #7l S IS] *fl 17.1 ^ofl cfltr TEMIL5. Ir^tr £ 6b 

S. 1^1 afl 2^1 ^ofl tfl*> TEM a>^1^14. 

£ 73TT #?41 7]# *2 -g- t^ol] ^ 7}7l 7-1%!- ^ g*Je}(<H^ 

^) ^lTloll 14^- MR ^Sj-* i4Er\H HHflHolt^-. 

£ 7bxr ^2fl 71^ ^ -g- ^ A^cHl o^V E-l^^ 7>>7l 7-l%V ^7.}°) ^ 

0^*8) ^1?_H1 tcj-s. TMR i^v}} ZLSfl^olcl-. 
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10, 100. . . *}7l 4i^> 

11, 21... 7)# 12, 22... S}*1^ 

13, 23... *11 1#*V£# 14, 24... ^Ha-^ 

15, 25... ^1 2^"^ # 16, 26... ^^Hlf 1 

17, 27... 18, 29... B^i^f- 
28... 

<16> a. av^ Zr x Ali_ x 0y(0<x<l, 0<y<l)# S>*1# 2.^ #*l^°-5. ^>-g-*l cf# ^2:*H ^ 

7lsl<y ^ nm ^H*l ^*}7H1 i^f ^l-Wb 

^514. ^1 4^, ^H(bulk) ^Bflel ^ofl^^ ^%v^v ^ ^#»ol 

£^1 ^Ji 71^-^ ^>7l 71^-g- MRAM(Magnetic Random Acess 
Memory : *l-7l ^S.el) -f-ol cflK3°14. 
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<18> o)z\% 7\7] 7^ ^7.}^ X}7] oflu)^H <q*fl T^o] £*>i==. Q^M. oj-§-^ , 

Ay] *\-% ^ Ay] ^*L7\ Six: HDD (Hard Disk 

Driver : §}.EL c)ia ^JsL ^ nfl*)]^ ^ilf #*l*Rr ^"B 

GMR *ll^.(Giant Magneto Resistance Head : 7itfl x\7] sflc) je^. TMR = (Tunnel 

Magneto Resistance Head : ^4 -f-ol ^e) A}-g-£):n. oicf. 

<19> Tlrfl ^>7l *d* r 7> nfl, ^ 7>s* B]\^o]} n}5} T^^o] 

xl^lx: 3r ^^-S, ol^ ^ £>\& ^(spin dependent) 5. ^ 7}^}cf. i&th 

^4 ^>7l *^ ^ AVojcH] ^<£*|l7> ^7flS}fe ^£<HH #*r^*fl£] -S-tfl^^l 

2}- ^ofl n}^ 3^ ^7} ^s^lfe ^oltVcf. 

<20> ol5]*V 7>7l = ^ ^tiV^o] ^Efll- £ la g £ lb^fl M-Bj-vflSitl.. £ la^r GMR 

Sfltz^ ^tiV^jo] ^Efl# q-Efufl ^Ojcf. -g-^V GMR *||2=fe ^ 7>7l 7-j*J- ±7+7} ^ S] 

<21> ^ aflti.^ 7>7l 7i %V ^>(10)^ ( Si ^S] 7l^r(ll) ^oH] *H#(12), 1# 

^#(13), ^1°H#(14), Tfl 2#7H^ (15); y>7j-^^(i 6 ) ^ ^-71^(17)0] 

^€ 7>^lcf. ^7lA^ a o v 71 ^1#(12)^ ^0.1^0.5. ftl"#(Ta)^: ^l-g-W. #7] 

*ll l^>^f-(13)^r CoFe^ f-S] #*H^joll o^fl ig^^M, o]7>£l^ 7>*H1 3*fl 7)- 

SJ- «oH to l *r fcM ^#°l2r tr^f. #7) isfloH^cu)^ Cu ^ tilxH^fl 

S ^SH, AJ-7] *fl 17 0 V^*(13)^- 2 7J-7>^^(15)JZ)- ^-e)A]7jcf. # 7 j ^ 2 7j-7>^# 

(15)£- CoFe^ ^ ^H^flS. ^^5]^ Jl^#olsl-j7£ ^-cf. ^ *_HV7H^(16)£: 
, M Itsfe tl-^^-S. o] ^-oj^lc]-. ofl^tfl IrMn^, FeMn^, NiMn^ ^^M, 
A oM 711 27 0 V7>^^(15)^ 7>S1- Jl^Al^l^ tr^f. <^7l^, AV 7 j a>7^>^^(i 6 ) 
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^71 *fl 1#*M3#(13), ^<>H#(14) ^ #7} ^ 2W^#(15)^ o] = 

Til ^4. A oM tf*l^(17)£- Spfafl *§^3 ^« ^-i- 7l^# Ta^l 

<22> olSf ^2,0) 7>7l 7^j- ^^ofl ^SL^ Cf-g-4 ^-Cf. 7>7l X\W ±7.} 

°fl ^ *>#°1 Sl7>sm, *fl 27j-^#(15)^ 7>5}- ^ofl tfltt ^)U^>^#(13)^ 7.1-21- « 0 V^ 
°1 n ^"7) *fl 17j-7.Hj#(13)4 >^7l 2)1 2#*Hd*(15) 7->ol o] ^^.o] ^ 

SVcf. ole^ 71-71 £3j-* f-Sfl, 7>7l7|^- nfl^fl, & HDD ^ ^^<H $lxr *}7) 

7} ^ ^711 ^Cf. o]^ ^-ol ( jTj-^^dg)^ Aj- 7 ] ^ 2#*M3^(15) ^>^1^ 

7>7l ^f2] IgSH) o^fl 71-71 71^ ufl*^ ol .g. ^ o^) 3 - ^ojcf. o] nfl , 7>7l 

^7>^ A}-g.A]6j| 7>7l^* 0 Vtll(MRyl; ^^>7l7i*J-o|l cfl *V £3^) ^ 

<23> £ l b ^ ^71 T^j- ^7>(100)^ Cfl^^o] ^Bfll- q-E}^fl o] . ZL 7j 

^§1 ^^*>^ 7l^r(ll) tfofl ^i^ (12 )ol ^51^, ^7) *M1#(12) *\] 

1 #*M3#(13), ^f,(i 8)> 2 7 0 V^p^(i5) ^ «V^7H^(16)ol ^V^o.S 

Cf. ^"71 ^7H^(16) ^Hl #*]#(17)°1 ^^^Cf. 7>7l 7-1 ^7>^ 7^7}^^^ 

Ai-cfl^o] ^gj. aj-^o,] Ei^*y ^^-7> 1^1 ^a o Vo] E ^ ^(Magnetic Tunnel 

Junction) 41^* °l-§-t!: 3Mi=K 

<24> ^-71 7>7l 7-1 4i7Hl^, ^2: ^ ^ A>-g- f^fl , o] 7^7]^ 7j 

^7> $lcf. ^, *>7l X\?Q- A>-§- ^ofl^ 5>1«- ^^-oll o^^fl cflgf ^^1 ot 150£7M 7> 

I^H, ^7_>^O.S. ^^Sl^r ^-^^^ ZL o]^o) ^-^ofl o]s.7l51 ^t, ^ ^>7l *\ 
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*3H^ ^2: ^^H^r 7}-g- ^ofl 7}<5fl*l^ -8r£^.^ C| ^ ^ 300-£ <go] 

*H *H°IM3 3L*VM #3: ^(interdiffusion)^lM- ^ 

(intermixing) f-o] ^*>7fl ^t)-. ^^8r, 7>7l 7-^ ^>2] zj- 7^ 

714 37] ^ofl ^sfl H?ti <3^§- «l7fl ^tf. 5E^, l^^ji^ #3l # 

<25> n^c-fl ^-#*V 4^" ^2fl T 2 "^^ 7}7l ^ i7>}(10, 100)^ 7><i^^ ^ 

^ ^ ^^2] C fl ^ l7] | ^ ^ A> _g. ^ *>7l^ti# ^^>7fl #*1*>*1 

**Rr ^4-7> ^1, Jl^S^ 7>7l 71^ n^o] T^ofl^ ^ 7>7l 7^ nfl^S.^ 

o]7>Sl^ 7KVol ^-0>^7fl ti}^ ^ ^-Xl^ol ^tfl^Tfl €^f. 

<26> -H£r-°S 7>l£lD]e}c 7}7)^B]\^ M&^^o] 37 fl ^ ^ °1 «o V *l € 

&$s\3L sa^-M-, ^M*l*r ^4*1 W ^7> 14^1 5U^. 7>7l 7-j^V 

C>qsf MRAM f- 7>7l 7-^J- ^al^o] 7>7l 7^ rh7HH ^^SLS. ^*\) £) ^ 

<27> >S-7l f^efl 7l#2] ^r^}^^ n%f>}7) ^ & ^O.S, TH^T^, Jl 

A>-g-5]^sl-£ 7>7l 71^1 f"^ ^JS. ^^17> ^ 5a^, 7>7l 7^ 

^ ^ n Jr °>M^, MRAM ^ 7>7l 7-1^ ±7}^ ^tiVoi] -§--§-^^ ^ oi^ 
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^SKr 531- ^SlS. ?>Yz\. ££*V, 7>7l ^ ±x\ cf^tb i^Hl£ 

*r Si^r ^S^ll- afl-^Rf 53* ^ O.S 

^# * #-§-] 

<28> # 7 ] ^*>7l fl*H €■ t^Hfe, 

<29> 7l«r, #7l 7]& #ofl *}*]^ ?J -*7l *}*1^ #<*|| 7}#f^ ^ «]^^ 

<30> #71 *>*l#£r ul^^ Zr x Al 1 - x O y (0<x<l, 0<y<l)» iWcr 3* f^AS ^ 7-1 

<3i> ^ofl oio^, #7l 7>7l 7-1 %V ^p-3^1 #ofl Zr x Ali- x 0 y (0<x<l, 0<y<l)# £.*t 

<32> ^tgofl ^o^, 7>7l 7^*J- ^d&*fl^r, 

<33> 7\^9\ ol7>oll ^§fl 7>2j- «J-^o] 7 >^^ *fl 1#7>##; 

<34> #71 ^ 1#7>## #ofl til7]-#o| ^H^; 

<35> #71 iJ^ol^f. #afl ^#51^ 7>5|- yj-^o] J7^^ ^ 2 #7>^ # ; ^ 

<36> #71 A 2#*H3# #6fl ^#SH, #?1 # ^ #^0. jl^^ ! 

<37> £ gtgoj) Sa^^l , ^-71 #71 l#7f## A>olofl t§#^ H^M" 3 
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<38> £ ^ofl <&o]*\ t ^7) *\*\%~&. NiFe, NiFeCr JE^r CoFe ^ ^ S}i4» i^>^ , # 

7] *)1 l^pj# ^ *fl 2#*}^^-& CoFe* JE^H, ^71 ^ojA-l^g- Cu» ^-71 

<39> M. ^ofl olo^, A oM *>7) ^dMlxr, 

<40> ti>7j-^|-^A; 

<4i> al^^^o^ ^«.oil Tg^jqr^ ^- 7 ] aV^p^ofl sfl 7^ yj-^o] ji^^ *)] i 

<42> ^71 17 0 V^# ^ojj Wl^H^ i3flolA^; ^ 

<44> ^ ^ofl OIO^, AV 7 1 7^ ^Sfli^ 

<45> 7\-%9\ ol 7 >ofl ^Sfl « 0 >^0l l£7j 7>^tV 17j-7.>^#; 

<46> Aj- 7 ] ^ 17j-7,H^ Aj-ofl E^ 

<47> Aj. 7 l E ^ #ofl 7^ Wj-^ol »1 27^1-^ #; ^ 

<48> ^7) 2#7}^ tfofl ^7} 7\^%9\ JL^*]?]^ 

<49> ^. ^ojj $Xo]*\, #7] *>7j ^ ^5:^^. 

<50> *>#:*H^; 
^7>^#; 
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<52> #71 *)1 A <H1 *g^€ 3^ ^ 

<54> S *|- > -g. t^oflA^ 71^, #7] 71^: ^Mj 3 ] S£ 7 ) ^-ofl t§^^ 

ivs^l te^l ^Hl &°H, 

<55> a o v 7 ] u]^^ Zr x Ali_ x 0 y (0<x<l, 0<y<l)» i^Rr tff^ ±z\ ^SaflS *fl^ 

<56> £ ig-^ofl oio^A^ a o v 7 i ^afl ^i-ofl a] ^ ^ Zr x Al !- x 0 y (0<X<l , 0<y<l)» i^*Hr 

<58> t= 2 ^ ^ ^Al^ofl ^ 7>7l ^ ^7)-o] ^£^14. #2: 

*>^, £ ^ofl 4^- ^>7l ^ 71^(21), ^7} 7}&(21) ^Ml ^1#(22) ^ 

^oM *H#(22) ^oHl *M3^ ^ til7,p^l-ol 7^>7l ^^1(20)7]- ^ 

^7]^i ^-71 7>7l ^££31(20)^ ^71 7>>7l ^ ^^>7> ^^1^0.5. *>7l 

7-RV §11^.0] ^-^Tr ^*L 7 > ^ MRAM -g- *\)3.^ ^\o] ^4-^1^ ^l2.e1^-7> ^cf. 

^ofH^r <#7] al^zJ Zr x Al 1 - x O y (0<x<l, 0<y<l)S ^g^m ^io S ^ 

4. 

<59> ^ *gr$6\) o^*V 7.>7l T^J- 4l7.}o} <y^ AH1# GMR ^S^l 3 -g-Al 

^1 ^Hl-I- £ 3a ^ 3b°fl q-E^-xfl^cf. £ 3a ^ £ 3bfe y lJ±^(spin valve type) 
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7} ^BfvE ^^.S, «># 7 p^o] i^ofl n^H} Top ^2: ^ Bottom f2S ^ ^ 

<eo> 5. 3a^ Top M-Bf^ o]s. cf-g-^f ^-cf. 71^(21) #<>fl 

^l#(22)o] ^-71 *>xl^(22) Aj-Jfofl ^l^-^-(20 , )7> oicf. 

(20')fe *\) 1^H^(23), ^^#(24), ^1 2#aH3#(25) ^ ^^#(26)^1 ^>^^- 
5- *l\d4. ^i^ (22 )j!|- 1#*>^(23) A>ol<H]^ ^^^(28) 

* 3 ^ &x}. ZL^JI, #7] ^^(20') ^^fl^r #*1#(27)^§- C-i X^sHr 

<61> 7l^ 7>7l ^ 4l7>l- ^^A]7l^ ^^91 ^flfif ^ ^ , Si 

A>-g.§>^ ^o] -g-^olcK Stb, #7] Si ^» -tf-SM^ Si 71^ ^ofl Si0 2 

A>.g.^ 4, a}-^ ^ A o > 7 i ^](2 2 )##. uj^l Zr x Ali- x O y 

(0<x<l, 0<y<l)S ^Al5Q *vrf_ # 7 ] Zr x Ali_ x O y (0<x<l, 0<y<l)^ h]^^ # 

^SAi, sH#(22)JLS ^ -§-^ ^^a]71^ ?JiL4 A>7l MR ^ 3 ^a] 

^ ^ JE£th ^ db.AHlAi^ ^71 ^(27)^ wl^^ 

Zr x Al 1 _ x 0 y (0<x<l, 0<y<l)7> 5.^5) ±f- ^rj-t}- . ^e}-, ^7] ^1^(20' )«- ^*Rr 

<62> £ 3b^ -H- ^ V ^<H] 7>7l 7^J- ±.7}^- GMR Bottom ^2:^1 3j-§-*l?l «g ^Aj^^ u}- 

Ef^ ^^S. °1« ^1*1 ^^*>^ Cf-§-2f 71^(21) ^ 0 H1 *}*1#(22)°1 ^5^, ^71 

*}*lfK22) €Ai^-(20')7> oicf. #71 ^AiJf(20')^r ^aH^(26) ( 4 1 

#aM^(23), ^l^lAi#(24) ^ *fl 27^^(25)^1 *l\dcf. <^7l 
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7l ^«.(20') ^oll^ #*l^(27)-fc 3 a^-*Hr 3<>1 y>#^*>q-. 

<63> ^>7l 71^(21)* 7>7l ^7>» ^A^fe. ^3*1 ^fl« 2.^ ^ , 

Si 71^ a}-§-*H- %o] *^oltf. 5£tb, ^-7] Si 7}^ #-*f» -a-^-A]^ Si 7^ ^ofl 
Si0 2 *>-g-^ ^ £ ^3 7>7l tK> ^*Hr a o v 7] ^^(22)* a]^^ 

Zr x Ali- x 0 y (0<x<l, 0<y<l)S. ^HJ ^-7] Zr x Ali_ x O y (0<x<l, 0<y<l)^ 

M^H, *W#(22)-2-5. 7^ tgA^^ ^JiLtf 71-71 7-1%!- ^7}*] MR 

3 $=#*1^ ^ 51^. SEtb, £ ^3 7>7l ^HH^r #7] #*1#(27)£- H]^^ Zr x 

Al 1 - x 0 y (0<x<l, 0<y<l)7> ^ol ti>^-^^>rf. 

<64> .£ 4a ^ 5L 4bfe ^ofl 2]^} A?} ±7\9 TMR ^3^1 -§--§- tb M-e^ 

S^olt}. £ 4a^ Top ^S* M-^uH^i, £ 4b^r Bottom M-B^rf. 

<65> £ 4a# 71^(21)^1 *}*1#(22)°1 ^Jl, # 7 1 ^1^(22) #^1 

^1^Y(20')7> ^^^cf. o^H, #71 €*m20')xr *H 1#7>^#(23), B)^ #^(29), *fl 
2#*Hg^(25) ^ £#7M3#(26H ^€ $14. o$7]*\, ^"71 S> 

*1#(22) ^ 711 I#7p3#(23) 4 0 ]1c *Hs)#(28)°l c| ^ , #7l ^HJf( 2 0') 

^M^Itt A oM^(27)ol D| ^#£jfe ?H ti>^-3ls:>4. ^oflA^ #71 *}*1^(22)°1 «1 ^ 

^ Zr x Al 1 _ x 0 y (0<x<l, 0<y<l)» JEtf*M ^-3-2-3. tb^. #7l 

A oM^(27)£ al^^ Zr x Ali_ x 0 y (0<x<l ( 0<y<l)» 3L#*H wl-^W. 
^1^^(20') g ^#(28)* ^*Rr #2fl 7l#ofl7i 7l^fr>^o.n S o^H #^*V 
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<66> £ 4b* &2i-5\^, 7}%(2l) #°fl *}*]#(22)ol oij7 ( ^-71 S}*1#(22) #Jfofl 

&*\*(20' )7} ^^^rf- ^7]*), ^7} 431^^(20')^ ^^#(26), 1#*H^(21), Ei 
^ ^#(29) ^ 2^H^(25)ol ^>^o.S <§#^ 7Wji o^cf. o}7H, ^-7) 

*M#(22) ^ ^H v ^#(26) a}o-|oii^ ^3l^(28)ol *§#^ ^ 9X£-*\, ^"71 ^Jf^O') 

ZrA10 x l- ^£)^r ^3 0.3. *Vcf. ZL^JL, #7l #*1#(27)5I ^l^ 

Zr x Ali- x O y (0<x<l, 0<y<l)# 5L^M 3°1 ti>a-3i$>cf. #7l ^Jf( 2 0') ^ 

#(28)^ ^*Rr ^2fl 71^^^-] a^^o. C^H #Afl *v ^ a. ^ef^Vtf. 

<67> #7} ^Al^S-oflA^ #3)^- ^ 01--0], ^ofl ^1^(22)0. 

S ti]^^ Zr x Ali- x O y (0<x<l, 0<y<l)l- ^-M^lfe ^JAS. tH}. SEth c]-& 

°1 #*]#(27)°-3. Zr x Al 1 - x 0 y (0<x<l, 0<y<l)l- iW<*| ^^Itt ^°-S. ^ 

A. °\5= ^7} 7>7l ^7>^ 7>7l = ^ 3 #3 °1 ^ , MRAM ^- cfy=§v 7> 

<68> o^}, i^tgofl cq*V ^ %V ^ 7 ).cq ^ n^o]} uflsfl t^rf ^^^ 7 ]^ 

t_Vt}. £ 3a^ ^ GMR *}ZLvilH€: ^ofl c^jj Tg^l^ ^-fl- ofl^ ^ 

^, A J"7l 7l^r(2D* ^>^t>cf. Si 7l^o] ^.o ( ol ^^ 7l ^ ^ a>sj. 

^ <g#*l*J 5Utf. zl^jl ^7) 71^(21) #^-ofl Zr x Ali- x 0 y (0<x< 

1, 0<y<l)t- 5E.^-*Rr ^l#(22)^r ^^th ZrAl E^o.^. #7l 7l# 

(21) ZrAl#* ^^Al7)jl, #71 ZrAlf^l tH*}<*| #3* ^^g- ^sj^o} Zr x Al 1 _ x O y (0<x< 

1, 0<y<l) ^^Itm. ^5l^( 2 8)# ^^Al^zL7l- ^ ^ o.oH^ # 7 l ^1^,(22) #^-^1 

sl^^oKNiFe) oi-g-^v ^ oi^.. nelJi, zl #Jfofl ^ 17o v 7 l-^^(23) , 0^^(24) , 
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all 2#*H3#(25) ^ ^^^(26)* ^47J4. n.^\jL 44, ZL ^Jfofl 

^ Zr x Ali_ x 0 y (0<x<l, 0<y<D* S^N-fe #4#(27)* 3 ^4?14. 44 ^ 17j-7pS# 
(23) ^ afl 2#;*M^(25)o.3. CoFe» *§^44£r 7j-f , ^4-§-4 431 CogoFeio* 4"§-«" 
^ 5U4. ^4ul, #7j rMI 01*1^(24)0.3. 431-8: 4# 1-^, Cu, *1444#(26) ^-g-^ 
43!^ Ir 2 iMn 79 

<69> ^71 ^*&o\] 91°]*] , 44^(22) % 44#(28)-§- ^14^(20'), 44^(28) 

^ ^2fl 7]#^1 ZLtfljL ^-§-«" ^ $14. ^71 A 43!4 £^ 5.^ 

99.95% 4#-°-3 4-8-4:2., ^4^ 7}iS^ ^£ 99.9999% °144 Ar7^# 4-§-^4. zl 
e^Jl, ^4 ^s] 2:71 4^Htt 5>10" 8 Torr o)t}, ^4-§- 4^ 50-130W, 4 °144 
» 3*11 500 Oe 4^4 7>7l]l- 47HHr 4 °1 4^ 44. o] ufl 4 ^4 ^ 

47l 4€- 44 #3*1) 44 ^44 ^ 9l°.v], #4 ^^-(20')^ 4 #«4 ¥ 

4 3 -§-4^ ^Jojig s.^ 7Hf44. o} 7 H, -8-71 «144 Zr x Ah- x 0 y (0<x< 

1, 0<y<l)* SE^-fe #4 44^(22) ^ #7l 44#(27)£- 3-§-4tt 7>4 4% ±x}<$ 4 
4 ^ A ifl4 ^ nm ^SLS. 4^44 *\ ^ &4. 

<70> 714, £ 3b, 51 4a ^ £ 4b ^4 A ^HltH ^2fl4 *}4 44 SflJE.4 4^ 

-#4 44^(22) ^ 44 #(27)* 4 3^ Zr x Ali- x O y (0<x<l, 0<y<l)3 ^44^- -g- 

<7i> 47H14 44 £4, £ ^°fl sitl 47l 44 ^4^ ^efl 7M 44 i^7} 

Ta ^44 44 # ^/SE^r 44#* ^«14^i 3}4^r ^4, 44 #(22) ^/SE^r 4*1 % 
(23)ol 4^^ Zr x Al 1 _ x 0 y (0<x<l, 0<y<l)^<>ll 4*11 4-?-44 7 A^r ^4 44. 
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<72> o]e\$- ^°fl ^>7l ±*}±r, ^7) *}x)^(22)°} JL-&(<$ 500°C^-£HH-£ 

^1^1*>J1 S^-i- 7>^7fl ^4. 0 1tt, ZrA10 x ^* i^V^ 

€ *H^(22)ol ^2fl 7l#oll Sltb ^>7l 7^ ±7.}°) S}*1#(12W ul«fl, nfl-f S^-g- 
7>^l7ll Sl^S ZL $H 4 31^51 ^» nflfolc}, 

<73> ojl- ^Ji7l ^*fl, Ta# ^1^(22) ^.S ^~g-*V 7>7l ^ ^7>o] fg^ K ^ ^- 

^4 «1 3^ Zr x Ali- x Oy(0<x<l, 0<y<l)» S>*1^(22) JLS *1~§-*H $H ^^-(20') 

♦ ^^1?! ±.7}2) S.^. 7]^7](SL^ a^tf^M- ^Hf^l S la £ a lb°fl nm ^ 

^S. M-Efifl^cf. a la^ #7l £ 3a^- ^-g- GMR Top^SS afi^- ^H, 5. lb^r 

TMR Bottom ^ojcf. e*j7H<Jl K t£ 7^71^ ##^r ^ 

<74> a i a ^ ^ iA]3g-g- Ta # ^]*( 12 ) ^l^(17)o.S #efl^| 7>7l 

°M, *fl 2A]^^."ul^^ Zr x Ali_ x 0 y (0<x<l, 0<y<l)l- #*1#(22) ^ *M^(27)J15. A>-g-*V 

^T, 7}%M^/Vi\^4/^i lWt/i^]^1f/^l 2^H^/ti>7 0 >7>^A / ^ 1 ^ 

^-fr M-E^tK ^l^S., 1*1 Si(Si0 2 )/Ta/NiFe/CoFe/Cu/CoFe/IrMn/Ta» 
^, 2*1 ^£ Si(Si0 2 )/Zr x Al 1 _ x 0 y (0<x<l, 0<y<l) /NiFe/CoFe/Cu/CoFe/IrMn/wl ^ ^ Zr x Al 
i-x0y(0<x<l, 0<y<l) 721 7>^1 ^olcf. z^o] *f-v)]^ NiFe 2nm, CoFe 3nm, Cu 2.5nm, 
CoFe 3nm, IrMn 7.5nm°H, *fl 1*1^ Ta^ 5nm °M , *fl 2*1^3} Zr x Ali- x 0 y (0<x<l, 0<y<l) 
2nmS ^^a]7J ^olrf. 

33-16 



1020030069701 



^ 2004/2/2 



<75> is. la] 







»1W 






^12^^^ 


TOD? 






0.412 


0.311 


0.272 


0.266 


0.247 


0.234 


0.242 




0.161 


0.225 


0.203 


0.209 


0.191 


0.169 


0.165 



3. la<*H ^ fl^l. a o v 7 ] ^1^(22) * -tf^l 31^3 o. 5. 

^ S^ol *>*1^(22)°1 Zr x Al 1 _ x 0 y (0<x<l, 0<y<l)^] 7>7l ^>7> ^2fl£] *>7l ^ 

^€-£^1 ^«fl «1 3^ Zr x Ali- x Oy(0<x<l, 0<y<l) *>^1 #(22)^1 nfl-f 

5g^*>S.S. tfJfofl ^5)^ ^1^-^(20')^ A S£ ^-gr 

S. lb^r *fl 1*1 ^£ Ta« 3^^(12) ^ ^1^(17)^.3. ^-g-*l ^Efl^ t\7] ^ i^} 
°H, XI 2*1^ -g- t»l^^ Zr x Ali- x O y (0<x<l, 0<y<l)» #*1#(22) ^ «M^(27).2. 

§7#*1# ^2:1- M-^^flcf. O.S., XI 1*1^ Si(Si0 2 )/Ta/NiFe/IrMn/CoFe/ZrA10 x 

/CoFe/ ZrAl^- q-Ej-^ o_nj , ^1 2*1 ^ Si (Si0 2 )/Zr x Ali_ x 0 y (0<x<l, 0<y< 
l)/NiFe/IrMn/CoFe/ZrA10 x /CoFe/Zr x Ali_ x 0 y (0<x<l, 0<y<l) ^£1 7}%\ ^o]cf. zj-f^ JjL^ 
NiFe 2nm, IrMn 7.5nm, CoFe 3nm, ZrA10 x 2.5nm, CoFe 3nm, °W , Xl 1^1^^ Tafe- 5nm °1 
°1, XI 2^1^31 Zr x Al i_ x 0 y (0<x<l, 0<y<l)^ 2nmS. ^*1?1 ^ojcf. 
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< 7 8> IS. lb] 



















0.418 


0.315 


0.294 


0.272 b. 161 


0.157 


0.155 




0.159 


0.224 


0.217 


0.203 |o. 132 


0.129 


0.127 



a ib°iH ^ sa^i, ^1^(22) m =l #-¥-<hi <8^m 

^ S^o] ^i^(22)o] a]^^ Zr x Al 1 - x 0 y (0<x<l, 0<y<l)^ 7>7l >^7>7> #Hfl£] *}-7l ^ 

o.s. i4^vfl ^o] £ 5a ^ £ 5b3 AFM ojnl^ojt}. 5a ^ ^sfl 7l#ofl 2} 
tr Ta» *>*]#(12)J1S ^^Alsel ^-i; q-Ej-iflSi^, £ 5b -g- 2^ GMR Top *fl 

2: ^*cHH 7l^r(21) tfefl Zr x Ali_ x 0 y (0<x<l, 0<y<l) S>*l^(22)o. 5. ^j^l?! ^j-g. 

M-4\fl AFM(Atomic Force Microscopy) °H*l°lt}. °i7H £. 5 a <^ ?\Q7]^ o.43nm ©1 

ZL, £ 5b^1 7l^7l^ 0.159nnH4. ^r, S. 5b7> £ 5a^l «l*fl n a^ol ^ ^e^V ^ 

_o_ oV 4 olrj- 
s a. a*. u t • 

^>7l 7i%> ^7>o] s^-g. TEM^-S. €^tr ^r*l# £ 6a ^ £ 6b<i 
£ 6a^r #7] a. 151 ^1 lAl^ofl cfltr ^ ^ ^-8: TEMiLS. #<3'^ a>*1°H, 
£ 6b^ #71 a 151 ^ 2*1^ TEM A>^olcf. o]* #3}iL^, ^^5) Ta ^. 

(21)6.S A>-g-* ^-f , =L tfJfofl #1-^ £ 6aofl -E^s} w>s»f ^o] 31 SHH^ 

°1 *l~B-5.£ ^^51 7V^14. tfV^ofl Zr x Al 1 _ x 0 y (0<x<l, 0<y<l)» 

22)0.5. Al-g-tr ^-f, II ^1"^ £ 6b°fl 3E*1€ w>«2). £o} ^7>#o] ^ 

^H^°l ^ °1>H1*>J1 ^lltr 7}^^ 92 ^ oicf. 
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< 82 > Aj-^^j. go. a] 5gl-ofl rfl^ ' tf<#^. t^ej^^^- *$?>}d\ oj-s. a /j^ 

<83> 4>7l S 1^ ^1 2^1 ^4 ^-ol ^^^1^1 ^ei7flS] Al^-i-^- ^M) oi 300;E°1H ^ 

-S-^KO ~ 250min) <1^3» *8tr -f A?} «]« ^*r534. £ 7a^l ^Bftfl^ 

4. £ 7a«- %^§>^ ( ^-71 S la^ *i| lAl^^r ^sfl^ Ta» ^1#(12) ^ ^*lfKl7)il 

5. A r -§-tr n MR «17> 8.49%ofl^ 4.13%^ °} 51.4%7> Shfctl-i- <£ ^ 3lA . ^ 
al§fl, ^71 a la^ A 2^-& Hl^^ Zr x Ali_ x 0 y (0<x<l, 0<y<l)« *>*1#(22) ^ ^*1§K27) 

7jo s MR w]7V °f 129HH ^ 6.5%5. ^SM^, #7l 1^1 4 il^ 
MR all- q-Bf^^ <£ ^ oicf. 

<84> ZL^JL, #7] a lb^ ^l^S-o,] ^ a^ 30 0£^^ A] Tj* i^*}^ *Hr«l 

(TMR ratio)* ^^$14. °]«- JE 7b°fl ^-El-vfl^cf. £ 7bl- ^efl 7l^<i fij^ 

& lb^l afl 1*1 Tal- <5V*1#(12) 31 17) AS. AV-g-*]- ^o]^, ^ 2^3^ ^ Mj-^ofl 

tr TMR ^2:5*1 Zr x Al 1 _ x 0 y (0<x<l, 0<y<l)l- ^1^(22) ^ ^1#(27)AS. a>-§-^ 

TMR ratio ^ ^sfl *\] 1*1^1 ^ ^JL 4^ 3* =L^, 

As-depo ^"Efl^ TMR ratio ^ IS. ^-JL, <1a^ Al7_Hl rrf^ TMR ratio 3Mr 57 si- 
Normalized TMR ratio ZLEflHl- iL^ ^Itr 2A]^ol *\) iX|3gjit|- c| 
^ 3# ^ aI4. ^T, Tjl^^^S. ^1^5l^ £) TMR ratiQ ^.^ 7 > ^ 

<85> , ^Efl 7l#oll ^tb ^>7l *\-% 7>7l 7]%Vtll7} <l^e) ^£ * A] ^Vofl 

^*Hir ^ A>olo 1 ]A^ ^7fl-^ ^-3. ^ ^"S HlAj afl^ol^ ( «- 7 >^ 
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*>#*H^o] Mn°l ^1 2^7}^ *&*3r°.3. ^-aJ-s)^ Tfl^ ^>7l^# ^^H?) 7] nfl^- 
ol4. tcJ-eH, Zr x Ali_ x 0 y (0<x<l, 0<y<l)l- 7>7l ^ ^ #*l#ofl S 

-^0.5. *}^£^ ^ o}^, S^rRr nf<#*V f^f-o} 7^% ^Hl 

3-§-€ *r 5^. ^, GMR, TMR 7>7l sflJEL ^M^, MRAM ^ 7>7l 

oflSL^ ^o>ofl £ ^> 7 | x^v ^S^l^ ^^.ojj ZrA10 x # a}-§-*>^, ^ ^71 

^ ^-^l* ^^Al^ ^ oirf. jse^V, w]^^ Zr x Al 1 _ x 0 y (0<x<l, 0<y<l)«- Aj-*]^.Oj= A>-g- 

<87> ^7^, Aj- 7 j AjAl^^ olo^, l 7 J"7l-^#(23)^- X| 2 7H^(25)-gr 

CoFe^^l ^*fl ^Ha1#(24)-£- OH ^*fl H^sH, ^#7F^(26)£: IrMn^- 

<^fl ^ o.^ -g^VS^-M-, Xll7j-^#(23)4 ^^o]A^(24)2l- ^27p^(25)4 

^7^^(26)^ <=>1 ^1 ^37} 5^ cfs. ^ £ &-g-£r #^oluf. ZLZ) 

-H, ti]^^ Zr x Al 1 _ x 0 y (0<x<l, 0<y<l) ^ i^o] aJ-*1*( 2 7)^: ^a]s>^ 

*W MnAJriJ-^ofl o]*y Jl^7> ^ ti>7j-^^(26)#, ofl^tfl 

IrMn^, FeMn^, NiMn^ ^ , Mn^§- £^*Hr £]*fl ^Aj^^ ^jo] w}-^*} 

<88> a|^^ Zr x Ali- x 0 y (0<x<l, 0<y<l)£- 7>7l ±x} ^M^K 4# 

^-*>^ dt7>oflA^ c}# ^-S^l^ ^l#o. s ul^^ Zr 
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X A1 1 - X 0 y (0<x<l, 0<y<l)-§- *>-§-*M bJ-^o] -f^*V -ji*V* ^*Hf ^o] 7>^^>rf. ^, ^-7] 

°1H Zr x Ali- x 0 y (0<x<l, 0<y<l)^r ^1 , Si A <H1 W 

21- ^£7} -f^tV ^ ol-g-^- ^ olCf. JZ&U, ZL ^-ofl ^ 

S wl^^ Zr x Ali_ x 0 y (0<x<l, 0<y<l)^g- a>^-§><^ o]-^ £ cfo^ ^.g. ^ o^j 

<89> <>1^MH vysQ. Qo] M. ^-rgofl rtj-e- ^>7l *| , Jf 7 }- 

€ *}*1^§- Zr x Ali_ x Oy(0<x<l ( 0<y<l)^^.S. ^^iH*), jt^-o.^. 7><1^^ ^-f 

°fliE 7>7]^%l-all4 ^3] ^A^o] 3711 7^5]*] « ^ 
£_^o] ^AJ-^ - £>o^ o.^^ o>^^^- 7^711 ^H=Hr 
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A o v 7] ta]^^ Zr x Ali_ x 0 y (0<x<l, 0<y<l)» 5L^Rr 3* o. s ^ ^ ^ 
2] 

#7] x}7) ^P-S^l -S-ofl Zr x Ali- x O y (0<x<l, 0<y<l)# i^Hr A o v *l#°l 3 

3* *}7l 
[^t 1 * 3] 

*n i^ je^ *n 2%hi sa*H>H , 7>7i ^s^i^, 

^7} *fl 1#*>^# #ofl ^Aj^ Hl*ygo} iiflol^f,; 

* i^*Hr 3* *m 7>7] ^7>. 
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4] 

^ ^-s o V 4i;*h 

5] 

^7) NiFe, NiFeCr CoFe # *}tt 

6] 

#7l *fl ^ 2#*>W£r CoFel- i^-sRr 3-3 £-3. a>}^ Ay] ^ 

7] 

[$^* 8] 
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91 

*n in- s=*r 2%hi sa^i, a o v 71 x^j- ^s^m, 

1#*V3# ^Hl ti] 7]-^°] ^o^fs ^ 

3^*Hr ^-i" ^ 7f7l 7-^ ^7>. 

[Ut 1 ^ 10] 

9%m &<h*l 

^-71 ^-7] al7 0 l-7l-^* A}o]6)) fg^Q ti]3l]#^- 5L^-*Kr ?A^r ^r^SLS. 

^ ^>7l M. 
11] 

XI 1*J" 5E^r X] 2^-ofl &<H*L A oM 7>7l 7i*j- ^s^Itt, 

#7] E^ a o >o]1 12} 7}S}- J7^^ Tj] 2 ^-7p^; ^ 

* 3* <5fe 7>7] 7^ ^7>. 
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l^^ty 12] 

S}^ ^>7l T^J- iX}. 

13] 

*fl 1^ HL^r ^ 2* 0 H1 &<>H, 7>7] T^J- ^S*fl*r. 

; 

^#7M3§^ ^oM^l ^^H, A o V 7 ] a^p^ofl o^fl ^3. wj-^o] jr^S} ^ 1 

7M^;-g- 3# ^ x>7] ^*J- i^}. 

14] 

^ 13%H1 31°]*], 

Z}7] X] % V ^7f. 

15] 

71^, #7l 71^; ^H] 7]-7l 7-1 %V Rl s£ 7 ] 7 } 7 ] ^ tg- Aj-ofl t§A$Q 
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A oM A oM^^r Zr x Ali- x 0 y (0<x<l, 0<y<l)» S^Hr li^r ^^SLS. f>}±r *\ 

16] 

*f| 15%H1 $JL*\*\, #7} x}7] W T^^fe, 

* S#*Hr ^^SLsL <5>^ ^>7] ^ ^7]-. 

17] 

^ 151H1 &<>H, #7} 7\7] ^S^fe, 

^#;-§: sWtt 3# ^^J^ sfe 7}7] 7i*8- 
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[*<^*J- 18] 

*H 16^- ^ A &<>H, 

^7) ^7] A?\ ^ ^2^1 A\o}o\] tt]^-g- if-SRr 1RJ ^.3. 

*>TT ^>7l 7^ dL7>. 

19] 

7>#si °j7H z\n u-w ^ 7>^*v ^i i^>^#; 

#7l ^1 l#7}^% #6fl Ei^ 

#7l Ei^ ^ t§^£]^ 7>S)- JL7$Q 2#;*}##; ^ 

A oM 2Wf #^1 ^#£M, #71 7]-^*^ ^g). h o v^ Jl^A] 71 ^ ^7V^#; 
* S#*>fe ^-§r -Ij-^ JlS <5Rr 7>7l 7-]^ 
20] 

*H 15^H1 Aj-71 7>7l 7i%V ^2:*flfe. 

^^71-^ # ; 

#71 a>^M3#o} ^-71 #ofl o^^fl 7f5l- «j-^ol ji^s} ^ i 

#7>##; 

#7l *)1 i#7Hi# #oi| ^ ^ 

#71 E^ #ofl l^o], 7>#S^ 0]7H1 3*ti 7>S1- aj-^o] 7}^ ^ 2# 
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21] 

A oM 71 ^ ^71 ^Jf AVojofl H^f^ 3 *%°-3, *Vfe 7>7l 

i7>. 

22] 

7m, ^7l 7lt ^Hl *}*1^ ^ ^"71 ^ofl ^ ^2:^1- 

^7) H]^^ Zr x Ali_ x O y (0<x<l, 0<y<l)«- i^Rr 3* ^ ^ ^# ^ 

2* *l\i 

23] 

22%H1 SlWi, 

A eM ^2*11 ^Hl «1^^ ZrxAU-xOyCO^l, 0<y<l)» i^>^ A ^€ 
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